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abstract. The plaque formation of Japanese isolate of bovine coronavirus was studied in BEK-1 cell 
monolayers. The isolate readily produced clear plaques in 3 days. The plaque numbers obtained were 
directly proportional to the virus concentration. The procedure of plaque assay was simple, sensitive and 
reproducible.— key words: BEK-1 cell, bovine coronavirus, plaque assay. 
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Bovine coronavirus (BCV) has been identi¬ 
fied as one of the causative agents of diarrhea 
in neonatal calves [4, 5] and adult cattle [81. 
For isolation and infectivity assay of BCV, 
the primary cell cultures of bovine kidney 
have been widely used. Although some BCV 
strains have been adapted to cultured cells [2, 
6, 9] and organ cultures of the fetal trachea 
[7], practical difficulties still remain in works 
with BCV. Inaba et al. [3] have found that 
the established BEK-1 cell line derived from 
bovine embryonic kidney was permissible to 
propagate Nebraska strain of BCV with typi¬ 
cal cytopathic effect. Takahashi et al. [8], 
recently, isolated Kakegawa strain of BCV 
from adult cattle with diarrhea using primary 
culture of bovine kidney. The isolate was 
adapted in BEK-1 cells and examined for 
biophysical and biochemical properties [1]. 

The plaque assay of BCV was demonstrat¬ 
ed in the primary and low-passaged cell cul¬ 
tures of the fetal thyroid and brain with 
trypsin treatment [6] and human adenocarti- 
noma [9]. 

The present note is to describe the plaque 
assay method using BEK-1 cells and a BCV 
isolate, Kakegawa strain [1, 8], which had 
been plaque-cloned 3 times in BEK-1 cells by 
the method described below. After inocula¬ 
tion of the virus into BEK-1 cells and incuba¬ 


tion at 37°C for 48 hr, the supernatant of 
infected culture fluid was stored at -80°C as 
seed virus. BEK-1 cells were grown at 37°C 
in Eagle’s minimum essential medium 
(MEM) (Nissui, Japan) containing 10% new¬ 
born calf serum, 10% tryptose phosphate 
broth (TPB) (Difco, U.S.A.) and kanamycin 
(0.06 mg/m/). The cell monolayers were 
prepared in 60-mm plastic petri-dishes (Teru¬ 
mo, Japan) by seeding with lxlO 6 cells 
suspended in 5 ml of growth medium and 
incubated at 37°C for 2 days in a humidified 
atmosphere containing 5% CO 2 . 

In order to determine experimental condi¬ 
tions for routine assay, the kinetics of virus 
adsorption on the BEK-1 cells was investigat¬ 
ed. There was no difference in virus adsorp¬ 
tion when MEM, phosphate buffered saline 
(PBS:8.00 g NaCl, 0.20 g KC1, 2.89 g Na 2 ° 
HP0 4 - I 2 H 2 O, 0.20 g KH 2 PO 4 in 1000 m/ 
distilled water, pH 7 .2) or PBS containing 
Ca + + (0.1 mg/m/ CaCh) and Mg ++ (0.1 mg/ 
ml MgCl 2 -6H 2 0) was used as virus diluent. 
The virus was adsorbed onto BEK-1 cell 
monolayers at 37°C for 60, 90 and 120 min. 
After virus adsorption half the inoculated 
cultures were washed 3 times with PBS for 
removing the free virus. As shown in Table 
1, the number of plaques was always higher 
in unwashed cultures than washed ones. The 
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Table 1. Adsorption time and Table 2. Incubation-time and 

plaque formation plaque formation 


Adsorption a) 
(min) 

Plaque number b) 

Incubation at 37°C a) 
(hr) 

Plaque 


Unwashed 

Washed c) 

Size 

Number 


121.0 d) 

98.3 

48 

0.8-1.4 mm 

69.0 b) 


130.7 

123.7 

72 

2.0-2.8 mm 

91.7 

120 

109.6 

98.7 

96 

3.0—4.2 mm 

61.0 


a) At 37°C before agar overlaying. a) After virus adsorption and agar overlaying. 

b) After incubation at 37°C for 72 hr. b) Average of three dishes. 

c) 3 times with PBS after virus adsorption. 

d) Average of three dishes. 



Fig. 1. Plaques produced 
Kakegawa strain. 

largest number of plaques was obtained after 
incubation for 90 min in both the washed and 
unwashed cultures. As routine procedure, it 
might be recommended that the inoculated 
cultures were overlaid without washing after 
virus adsorption at 37°C for 90 min. 

As shown in Table 2, the inoculated cul¬ 
tures were incubated at 37°C for 48, 72 or 
96 hr and were examined size and number of 
plaques. After incubation for 48 hr, clear 
plaques with a well-defined margin were visi¬ 
ble without staining with neutral red. At 
72 hr of incubation plaques increased in size 
and number, as presented in Figure 1. After 
incubation for 96 hr, plaques increased in 
size but decreased in number because of 
plaque fusion and degeneration of uninfected 
cells. 

The plaque numbers obtained were directly 
proportional to the virus concentration, indi¬ 



72 hours after inoculation with 


eating that one infectious particle was suffi¬ 
cient to produce one plaque. 

Dea et al. [2] and Storz et al. [6] reported 
that replication of BCV in cell cultures was 
enhanced with trypsin added to the medium. 
In these experiments infectivity titers became 
5 to 10-fold higher with trypsin treatment 
than without trypsin. In BEK-1 cells and 
Kakegawa system no significant change in 
plaque number was seen when 1% trypsin 
(Difco, 1:250, U.S.A.) solution in PBS was 
added to the virus diluent or overlay medium 
at final concentration of 5 pig/m/. In con¬ 
trast, plaque count increased about twice in 
size and number only when trypsin was added 
to both the diluent and overlay medium as 
shown in Table 3. However, the presence of 
trypsin in overlay medium caused severe 
damage of cells and plaques became ill-defin¬ 
ed. Trypsin treatment seemed unnecessary 
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Table 3. Effect of trypsin on 
plaque formation 


trypsin (5/x.g/m/) in 

Plaque 


Diluent 

Overlay medium 

Size 

Number 

— 

— 

2.0-2.8 mm 

31.3 a) 

+ 

— 

2.1-2.8 mm 

34.0 

— 

+ 

2.4-3.2 mm 

37.7 

+ 

+ 

3.0^1.5 mm 

57.7 


a) Average of three dishes. 


for plaque assay using BEK-1 cells and Kake- 
gawa strain. 

The plaque assay method established by the 
results in this study was as follows: BEK-1 
cell monolayers grown in dishes were washed 
3 times with PBS and inoculated with 0.2 ml 
of the virus diluted in MEM. After virus 
adsorption at 37°C for 90 min, the inoculated 
cultures were overlaid with 5 m/ of agar 
medium consisting of 0.9% Agar Noble 
(Difco, U.S.A.) and 10% TPB in MEM. The 
cultures were incubated at 37°C for 3 days 
and overlaid again with agar medium contain¬ 
ing 0.01% neutral red. After incubation at 
37°C for 6 to 8 hr, the plaque numbers were 
counted. Infectivity titers were expressed in 
plaque-forming-units (PFU). 

BEK-1 cells were found to be useful for 


plaque assay of BCV. The method is simple, 
sensitive and reproducible and it might be 
applicable to various studies on BCV. 
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